I.
Introduction:
Combined heat and mass transfer problems with chemical reaction are of importance in many processes and have, therefore, received a considerable amount of attention in recent years. In processes such as drying, evaporation at the surface of a water body, energy transfer in a wet cooling tower and the flow in a desert cooler, heat and mass transfer occur simultaneously. Possible applications of this type of flow can be found in many industries. For example, in the power industry, among the methods of generating electric power is one in which electrical energy is extracted directly from a moving conducting fluid. We are particularly interested in cases in which diffusion and chemical reaction occur at roughly the same speed. When diffusion is much faster than chemical reaction, then only chemical factors influence the chemical reaction rate; when diffusion is not much faster than reaction, the diffusion and kinetics interact to produce very different effects. The study of heat generation or absorption effects in moving fluids is important in view of several physical problems, such as fluids undergoing exothermic or endothermic chemical reaction. Due to the fast growth of electronic technology, effective cooling of electronic equipment has become warranted and cooling of electronic equipment ranges from individual transistors to main frame computers and from energy suppliers to telephone switch boards and thermal diffusion effect has been utilized for isotopes separation in the mixture between gases with very light molecular weight (hydrogen and helium) and medium molecular weight.
The Effects of Variable properties and Hall current on steady MHD laminar convective fluid flow due to a porous rotating disk was studied by Abdur Sattar et al. [1] . Anjali Devi and Wilfred Samuel Raj [2] investigated the effects of thermo diffusion on unsteady hydromagnetic free convection flow of a viscous, incompressible, electrically conducting fluid with heat and mass transfer past a moving porous vertical plate of infinite length with time dependent suction in the presence of heat source in a slip flow regime. Slip flow conditions for the velocity and jump in temperature are taken into account in the boundary conditions. A uniform transverse magnetic field is applied. The free stream velocity is considered to follow an exponentially small perturbation law. The governing equations of the problem subject to the slip flow boundary conditions are solved analytically using the perturbation method.Dulal Pal et al. [3] studied Perturbation analysis of unsteady magnetohydrodynamic convective heat and mass transfer in a boundary layer slip flow past a vertical permeable plate with thermal radiation and chemical reaction. Ibrahim et al. [4] studied the effects of chemical reaction and radiation absorption on transient hydromagnetic natural convection flow with wall transpiration and heat source. Analytical solutions for heat and mass transfer by laminar flow of a Newtonian, viscous, electrically conducting and heat generation/ absorbing fluid on a continuously vertical permeable surface in the presence of a radiation, a first -order homogeneous chemical reaction and the mass flux are reported by Kesavaiah et al. [5] . The plate is assumed to move with a constant velocity in the direction of fluid flow. A uniform magnetic field acts perpendicular to the porous surface, which absorbs the fluid with a suction velocity varying with time. The dimensionless governing equations for this investigation are solved analytically using two -term harmonic and non -harmonic functions. Finite difference solution of the homogeneous first order chemical reaction on unsteady flow past an impulsively started semi -infinite vertical plate with variable temperature and massdiffusion in the presence of thermal radiation have been studied by Loganathan et al. [6] . The fluid considered here is a gray, absorbing -emitting radiation but a non -scattering medium. The dimensionless governing equations are solved by an efficient, more accurate and unconditionally stable and fast converging implicit scheme. Mansour et al. [7] investigates the influence of chemical reaction and viscous dissipation on magnetohydrodynamic natural convection flow. An approximate numerical solution for the flow problem has been obtained by solving the governing equations using shooting technique with a fourth -order Runge -Kutta integration scheme. Four different cases of flows have been studied namely an isothermal surface, a uniform heat flux surface, a plane plume and flow generated from a horizontal line energy source a vertical adiabatic surface. Double -Diffusive Convection -Radiation interaction on unsteady MHD flow over a vertical moving porous plate with heat generation and Soret effects was studied by Mohamed [8] . Free convection flow of a viscous incompressible flow past an oscillating infinite vertical plate with variable temperature and mass diffusion has been studied by Muthucumaraswamy and Vijayalakshmi [9] . In this research paper, the dimensionless governing equations are tackled using Laplace transform technique and the temperature and There has been a renewed interest in studying magnetohydrodynamic (MHD) flow and heat transfer in porous and non-porous media due to the effect of magnetic fields on the boundary layer flow control and on the performance of many systems using electrically conducting fluids. Muthuraj and Srinivas [11] studied the fully developed MHD flow of a micropolar and viscous fluid in a vertical porous space using HAM.Unsteady MHD free Convective flow of a compressible fluid past a moving vertical plate in the presence of Radiative heat transfer was studied by Ogulu et al. [12] . The study of heat generation or absorption effects in moving fluids is important in view of several physical problems, such as fluids undergoing exothermic or endothermic chemical reactions. Possible heat generation effects may alter the temperature distribution and consequently, the particle deposition rate in nuclear reactors, electric chips and semiconductor wafers. Patil and Kulkarni [13] studied the effects of chemical reaction on free convective flow of a polar fluid through porous medium in the presence of internal heat generation. Radiation effects on an unsteady MHD convective heat and mass transfer flow past a semi -infinite vertical permeable moving plate embedded in a porous medium was studied by Ramachandra Prasad et al. [14] . Ramana Reddy et al. [15] have studied the mass transfer and radiation effects of unsteady MHD free convective fluid flow embedded in porous medium with heat generation/absorption. In spite of all these studies, the unsteady MHD free convection heat and mass transfer flow past a moving semi -infinite titled porous plate with variable temperature in the presence of chemical reaction has received a little attention. MHD boundary layer flow over a heated stretching sheet with variable Viscosity was studied by Samad et al. [16] . Satyanarayana and Venkataramana [17] studied Hall current effect on magnetohydrodynamics free convection flow past a semi -infinite vertical porous plate with mass transfer. Seddeek [18] studied the effects of chemical reaction, thermophoresis and variable viscosity on steady hydromagnetic flow with heat and mass transfer over a flat plate in the presence of heat generation/absorption. Sharma and Singh [19] investigates the flow of a viscous incompressible electrically conducting fluid along a porous vertical isothermal non -conducting plate with variable suction and exponentially decaying heat generation in the presence of transverse magnetic field. The governing equations of motion and energy are transformed into ordinary differential equations using time dependent similarity parameter. The ordinary differential equations are then solved numerically using RungeKutta method along with shooting technique. Effects of the chemical reaction and radiation absorption on free convection flow through porous medium with variable suction in the presence of uniform magnetic field were studied by Sudheer Babu and Satyanarayana [20] . In spite of all these studies, the unsteady MHD free convection heat and mass transfer for a heat generating fluid with radiation absorption has received little attention. Venkateswalu et al. [21] deal with free convention flow along a vertical wall in a porous medium with magnetic field is considered. The horizontal walls are adiabatic. The magnetic field applied perpendicular to the rectangular channel. The flow problem axis described by means of parabolic partial differential equations and solutions are obtained by an implicit finite difference technique. Zueco [22] considered the transient magnetohydrodynamic natural convection boundary layer flow with suction, viscous dissipation and thermal radiation effects.
The effect of radiation on MHD flow and heat transfer problem has become more important industrially. At high operating temperature, radiation effect can be quite significant. Many processes in engineering areas occur at high temperature and knowledge of radiation heat transfer becomes very important for design of reliable equipment, nuclear plants, gas turbines and various propulsion devices or aircraft, missiles, satellites and space vehicles. Based on these applications, Cogley et al. [23] showed that in the optically thin limit, the fluid does not absorb its own emitted radiation but the fluid does absorb radiation emitted by the boundaries. Satter and Hamid [24] investigated the unsteady free convection interaction with thermal radiation in a boundary layer flow past a vertical porous plate. Vajravelu [25] studied the flow of a steady viscous fluid and heat transfer characteristic in a porous medium by considering different heating processes. Hossain and Takhar [26] have considered the radiation effect on mixed convection boundary layer flow of an optically dense viscous incompressible fluid along a vertical plate with uniform surface temperature. Raptis [27] investigate the steady flow of a viscous fluid through a porous medium bounded by a porous plate subjected to a constant suction velocity by the presence of thermal radiation. Makinde [28] examined the transient free convection interaction with thermal radiation of an absorbing emitting fluid along moving vertical permeable plate. The effect of the chemical reaction and radiation absorption on the unsteady MHD free convection flow past a semi -infinite vertical permeable moving plate with heat source and suction has been studied by Ibrahim et al. [29] . Recently Bakr [30] presented an analysis on MHD free convection and mass transfer adjacent to moving vertical plate for micropolar fluid in a rotating frame of reference in presence of heat generation/ absorption and a chemical reaction.
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www.iosrjournals.org 92 | Page Hence, the main objective of the present investigation is to study the effects of radiation absorption, mass diffusion, chemical reaction and heat source parameter of heat generating fluid past a vertical porous plate subjected to variable suction. It is assumed that the plate is embedded in a uniform porous medium and moves with a constant velocity in the flow direction in the presence of a transverse magnetic field. It is also assumed that temperature over which are superimposed an exponentially varying with time. The equations of continuity, linear momentum, energy and diffusion, which govern the flow field, are solved numerically by using finite element method which is more economical from computational view point and the results obtained are good agreement with the results of and the results obtained are good agreement with the results of Kesavaiah et al. [5] in some special cases. The behavior of the velocity, temperature, concentration, skin -friction, Nusselt number and Sherwood number has been discussed for variations in the governing parameters.
II. Mathematical formulation:
We consider unsteadytwodimensional flow of a laminar, viscous, electrically conducting chemically reacting viscous dissipative and heatabsorbing fluid past a semiinfinite vertical permeable moving plate embedded in a uniform porous medium and subjected to a uniform transverse magnetic field in the presence of thermal and concentration buoyancy effects. We made the following assumptions.
1. In Cartesian coordinate system, let   x axis is taken to be along the plate and the   y axis normal to the plate. Since the plate is considered infinite in
 
x direction, hence all physical quantities will be independent of  
2. The wall is maintained at constant temperature ) ( w T  and concentration ) ( w C higher than the ambient temperature ) (   T and concentration ) (   C respectively.
A uniform magnetic field of magnitude o
B is applied normal to the plate. The transverse applied magnetic field and magnetic Reynold's number are assumed to be very small, so that the induced magnetic field is negligible. 4. A uniform magnetic field acts perpendicular to the porous surface, which absorbs the fluid with a suction velocity varying with time. 5. The plate is assumed to move with a constant velocity in the direction of fluid flow. 6. The fluid properties are assumed to be constant except that the influence of density variation with temperature has been considered only in the body -force term. 7. The chemical reactions are taking place in the flow and all thermophysical properties are assumed to be constant of the linear momentum equation which is approximated according to the Boussinesq's approximation.
8. Due to the semi -infinite plane surface assumption, the flow variables are functions of y and the time t only. 9. It is assumed that there is no applied voltage which implies the absence of an electric field. The fluid has constant kinematic viscosity and constant thermal conductivity, and the Boussinesq's approximation have been adopted for the flow.
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www.iosrjournals.org 93 | Page Figure 1 : Physical model and coordinate system of the problem 10. The fluid is considered to be gray absorbing -emitting radiation but non -scattering medium and the Rosseland's approximation is used to describe the radiative heat flux. It is considered to be negligible in Under these assumptions, the equations that describe the physical situation are given by Equation of Continuity:
13. The third and fourth terms on the right hand side of equation (2) denote the thermal and concentration buoyancy effects respectively. Also the last term on the right hand side of the energy equation (3) represents the radiative heat flux term. With the following initial and boundary conditions: Using equations (7) and (8) in the last term of equation (3), we obtain: It is now important to calculate the physical quantities of primary interest, which are the local wall shear stress, the local surface heat and mass flux. Given the velocity field in the boundary layer, we can now calculate the local wall shear stress (i.e., skin -friction) is given by and in dimensionless form, we obtain knowing the temperature field, it is interesting to study the effect of the free convection and radiation on the rate of heat transfer. This is given by which is written in dimensionless form as 
III. Method of Solution:
By applying Galerkin finite element method for equation (12) 
Neglecting the first term in equation (20) , one gets: Now put row corresponding to the node i to zero, from equation (21) 
Now from equations (13) and (14) (23), (24) and (25) taking n i ) 1 ( 1  and using boundary conditions (15) , then the following system of equations are obtained: 
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IV. Results and Discussion:
The formulation of the effects of chemical reaction, heat source and thermal radiation on MHD convective flow and mass transfer of an incompressible, viscous fluid along a semi -infinite vertical porous moving plate in a porous medium has been performed in the preceding sections. This enables us to carry out the numerical calculations for the distribution of the velocity, temperature and concentration across the boundary layer for various values of the parameters. In the present study we chosen
and 
Figure 2. Velocity profiles for different values of thermal Grashof number Gr
For the case of differentvalues of thermal Grashof number Gr , the velocity profiles in the boundary layer are shown in figure (2) . As expected, it is observed that an increase in Gr leads to decrease in the values ofvelocity due to enhancement in buoyancy force. Here the positive values of Gr correspond tocooling of the surface. In addition the curve show that the peak values of the velocitydecreases rapidly near the wall of the porous plate as Grashof number increases and thendecays to the free stream velocity. Figure ( 3) presents typical velocity profiles in the boundary layer for various values of the solutal Grashof number Gc , while all other parameters are kept at some fixed values. The velocity distribution attains a distinctive maximum value in the vicinity of the plate surface and then decrease properly to approach the free stream value. As expected, the fluid velocity increases and the peak value more distinctive due to increase in the concentration buoyancy effects represented by Gc . This is evident in the increase in the value of u as increases Gc in figure (3) . The effect of Hartmann number on velocity profiles in the boundary layer is depicted in figure (8) . From this figure it is seen that the velocity starts from minimum value at the surface and increase till it attains the peak value and then starts decreasing until it reaches to the minimum value at the end of the boundary layer for all the values of Hartmann number. It is interesting to note that the effect of magnetic field is to decrease the value of the velocity profiles throughout the boundary layer. The effect of magnetic field is more prominent at the point of peak value i.e. the peak value drastically decreases with increases in the value of magnetic field, because the presence of magnetic field in an electrically conducting fluid introduce a force called the Lorentz force, which acts against the flow if the magnetic field is applied in the normal direction, as in the present problem. This type of resisting force slows down the fluid velocity as shown in this figure. Figure (9 ) Shows the velocity profiles for different values of the permeability parameter K , clearly as K increases the peak values of the velocity tends to increase. The effect of increasing the value of the heat source parameter S is to decrease the boundary layer as shown in figure (10) , which is as expected due to the fact that when heat is absorbed the buoyancy force decreases which retards the flow rate and thereby giving rise to decrease in the velocity profiles. (12) and (13) 
